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(57) ABSTRACT 

A ?lter device for ?ltering air in internal combustion engines 
equipped With a ?lter that can be inserted into a ?lter housing 
and has a ?ame-retardant effect. The ?lter comprises a main 
?lter element and an up stream ?lter ?eece Whereby the ?ame 
retardant effect is achieved by the ?eece pre?lter. 

15 Claims, 1 Drawing Sheet 
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FILTER APPARATUS FOR FILTERING THE 
AIR FOR AN INTERNAL COMBUSTION 

ENGINE 

BACKGROUND OF THE INVENTION 

The present invention relates to a ?lter apparatus for ?lter 
ing air in internal combustion engines comprising a ?ame 
retardant ?lter insertable into a ?lter housing. 

There are knoWn ?lter devices arranged at the air inlet of 
the intake tract of an internal combustion engine for ?ltering 
the air supplied to the engine and for subjecting the combus 
tion air draWn in to a ?ltering operation. These ?lter devices 
comprise a ?lter element in a ?lter housing, With the ?lter 
element being constructed, for example, as a pleated syn 
thetic nonWoven or a paper medium through Which the air that 
is to be cleaned ?oWs. A ?lter device of this type is described 
in published European patent application no. EP 450,299. 

In addition, it is knoWn that the ?lter element in the air ?lter 
may be provided With a ?ame-retardant ?lter medium Whose 
?ame-retardant effect is achieved by using special impregna 
tions. Such ?ame-retardant components are produced based 
on phosphorus-, antimony- or bromine-containing com 
pounds, for example, and should prevent inadvertent ignition 
of the ?lter element, Which itself is highly ?ammable. HoW 
ever, one disadvantage here is that the ?ame-retardant 
impregnation may decrease the dust storage capacity of the 
?lter element, so the surface area of the oncoming ?oW sur 
face of the ?lter element must be increased to achieve the 
required ?ltration capacity. 

Another disadvantage is that the Water stability of the ?lter 
element is reduced by using the ?ame-retardant impregna 
tion. HoWever, a high Water stability is necessary because if 
Water enters the intake tract of the engine, it is necessary to 
ensure that the ?lter element Will continue to ful?ll its func 
tion. 

SUMMARY OF THE INVENTION 

Accordingly, it Was an object of the present invention to 
provide an improved ?lter apparatus for ?ltering the air for an 
internal combustion engine. 

Another object of the invention is to provide a ?lter appa 
ratus for ?ltering the air for an internal combustion engine 
Which achieves ?ame retardancy by utiliZing simple design 
measures. 

A further object of the invention is to provide a ?lter appa 
ratus for ?ltering the air for an internal combustion engine 
Which is characterized by a good dust storage capacity, a high 
Water stability and a good ?ame retardancy. 

These and other objects have been achieved in accordance 
With the present invention by providing a ?lter apparatus for 
?ltering air for an internal combustion engine, comprising a 
?ame-retardant ?lter insertable into a ?lter housing, Wherein 
said ?lter comprises a main ?lter element and a ?eece pre?lter 
arranged upstream of the main ?lter element in the direction 
of air ?oW, and Wherein ?ame-retardant effect is achieved by 
the ?eece pre?lter. 

Advantageous further preferred embodiments of the inven 
tion are described hereinafter. 

In the ?lter device according to the invention, the ?lter that 
can be inserted into the ?lter housing is comprised of a main 
?lter element and a ?eece pre?lter connected upstream from 
the main ?lter element in the direction of air ?oW. The ?ame 
retardant effect is achieved through the ?eece pre?lter. This 
embodiment has the advantage that the ?ame-retardant or 
optionally also ?ame-protective properties of the main ?lter 
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2 
element are shifted to the ?eece pre?lter, so that the main ?lter 
element can be optimiZed With regard to its ?ltration proper 
ties. Thus according to one advantageous embodiment, the 
?ame-retardant effect may be achieved exclusively by the 
?eece pre?lte,r so that the main ?lter element remains free of 
the ?ame-retardant impregnation. If necessary, hoWever, it 
may be expedient to also provide the main ?lter element With 
a ?ame-retardant ?nish in addition to providing such a ?nish 
for the ?eece pre?lter. 

In addition, a high Water stability of the main ?lter element 
is ensured. Since the ?ame-retardant ?nish on the main ?lter 
element is omitted and/ or a smaller impregnation layer is 
achieved in the case of paper ?lters, the Water stability of the 
main ?lter element is reduced not at all or only slightly. In the 
case of Water input into the incoming air line of the engine, 
this therefore ensures that the main ?lter element Will con 

tinue to ful?ll its function. 

Finally, a high dust storage capacity is also ensured. First, 
the ?eece pre?lter already has an additional dust storage 
capacity Which is added to that of the main ?lter element. 
Secondly, the full dust storage capacity of the main ?lter 
element is preserved because it has been provided With little 
or no ?ame-retardant effect. 

In one advantageous embodiment, the ?eece pre?lter com 
prises a synthetic ?ber material, in particular a polymer mate 
rial such as polyester, polyamide [nylon] or polypropylene. 
Non?ammable ?bers distributed homogeneously in the ?eece 
are introduced into this synthetic ?ber material, Whereby the 
amount of these non?ammable ?bers relative to the total 
Weight of the ?ber material of the ?eece pre?lter preferably 
amounts to betWeen 5% and 100%, and in particular betWeen 
25% and 50%, by Wieght. Such a non?ammable ?ber might 
be, for example, an oxidiZed polyacrylonitrile ?ber (Panox) 
Which does not burn or melt even at high temperatures up to 
approximately 7000 C. These non?ammable ?bers remain on 
the main ?lter element even if the other ?bers of the ?eece 
pre?lter are burned or fused. The non?ammable ?bers here 
have an adequate inherent stiffness so that the contact of an 
ignition body such as the tip of a cigarette With the main ?lter 
element is prevented. 
The main ?lter element, Which advantageously is made of 

synthetic ?bers or cellulose and/or comprises cellulose ?bers, 
is advantageously constructed in the form of a pleated (i.e., 
folded) ?lter, i.e., folded belloWs. The ?eece pre?lter may be 
a?ixed to the folded tips of the pleated ?lter, yielding a com 
posite of the tWo ?lter elements that is easy to install and 
replace. 

In other embodiments, the ?eece pre?lter may also be laid 
loosely around the main ?lter element and may have no 
attachment points to the main ?lter element. To permit easy 
replacement of the element, the ?eece pre?lter may be 
secured to the main ?lter element via a sealing element. 

Using the ?lter apparatus of the present invention, the 
service life of the ?lter may be increased. Whenusing a folded 
paper ?lter for the main ?lter element, a ?ame-retardant effect 
can also be achieved Without any impairment of ?lter capacity 
by constructing the ?eece pre?lter to be ?ame retardant. In 
this Way, the manufacturing cost of the main ?lter element is 
also reduced because it need only be impregnated to make it 
moisture repellent but it need not necessarily also be ?ame 
retardant. 



US 7,632,328 B2 
3 

Additional advantages and advantageous embodiments 
Will be described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention Will be described in further detail hereinafter 
With reference to an illustrative preferred embodiment shoWn 
in the accompanying draWing ?gure, Which is a sectional 
vieW of a ?lter apparatus embodiment according to the 
present invention for ?ltering air for an internal combustion 
engine. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The ?lter device 1 shoWn in a partially sectional vieW in the 
?gure is used for ?ltering air for an internal combustion 
engine and designed to be situated in the air intake of the 
intake tract. The combustion air draWn in is sent in the direc 
tion of the arroW through the ?lter device 1, Where it is cleaned 
to remove particles of dirt. The ?lter apparatus 1 is a com 
bined ?lter Which comprises a main ?lter element 3 and a 
?eece pre?lter 4 Which precedes the main ?lter in the ?oW 
path of the air. The main ?lter element 3 and the ?eece 
pre?lter 4 are connected With a seal on their end face and 
undetachably connected to a seal 2 Which seals the ?lter 
device 1 With respect to a ?lter housing (not shoWn). The main 
?lter element 3 is constructed as a pleated or folded ?lter, eg 
in the form of an annular ?lter belloWs, and is advantageously 
made of ?lter paper and/or cellulose. The ?eece pre?lter 4 is 
arranged on the un?ltered air side of the main ?lter element 3 
and is constructed as a ?lter mat and advantageously may be 
made of a synthetic ?ber material. 
A polymer material may be selected as the synthetic ?ber 

material for the ?eece pre?lter, for example, polyester (PES), 
polyethylene (PE), polypropylene (PP), polycarbonate (PC), 
polyamide (PA), acrylonitrile-butadiene-styrene copolymer 
(ABS) or polystyrene (PS). 

Infusible non?ammable ?bers may be introduced into the 
synthetic ?ber material of the ?eece pre?lter 4, preferably 
constituting betWeen 5% and 100% of the total amount by 
Weight of the ?ber material, in particular 25% to 50% by 
Weight. The Weight of the ?ber material per unit of area 
advantageously may lie betWeen 50 g/m2 and 100 g/m2, and 
preferably betWeen 100 g/m2 and 200 g/m2. In addition to the 
infusible and non?ammable properties, the ?ber material of 
the ?eece pre?lter also has Water repellent or at least Water 
draining properties. In addition, the ?eece pre?lter 4 also has 
?lter properties so that the overall ?ltration capacity such as 
the dirt capacity and the degree of separation of the ?lter unit 
1 are increased. Furthermore, the ?eece pre?lter serves the 
function of mechanical protection of the main ?lter element 3. 
In addition, the ?eece pre?lter serves to provide more uni 
form oncoming ?oW to the ?lter belloWs. 

The main ?lter element 3 and the ?eece pre?lter 4 may be 
attached together, in particular in such a manner that the 
folded tips of the folded main ?lter element 3 are connected to 
the facing side of the ?eece pre?lter 4. An attachment of this 
kind may be accomplished by thermal means, for example, in 
such a Way that the plastic material of the ?eece pre?lter is 
softened by heating and the tips of the folds are pressed into 
the softened side. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

4 
Alternatively, the ?eece pre?lter may be attached With the 

aid of a suitable adhesive substance, in particular With a 
reactive adhesive or a hot-melt adhesive or the like. 
The foregoing description and examples have been set 

forth merely to illustrate the invention and are not intended to 
be limiting. Since modi?cations of the described embodi 
ments incorporating the spirit and substance of the invention 
may occur to persons skilled in the art, the invention should be 
construed broadly to include all variations Within the scope of 
the appended claims and equivalents thereof. 
What is claimed is: 
1. A ?lter apparatus for ?ltering air for an internal combus 

tion engine, said apparatus comprising a ?ame-retardant ?lter 
insertable into a ?lter housing, Wherein said ?lter comprises a 
main ?lter element and a ?eece pre?lter arranged up stream of 
the main ?lter element in the direction of air ?oW, and Wherein 
the ?ame-retardant effect is achieved solely by the ?eece 
pre?lter, and Wherein the ?eece pre?lter is secured to the main 
?lter element via a sealing element Which seals the ?lter 
apparatus to the housing. 

2. A ?lter apparatus according to claim 1, Wherein the 
?eece pre?lter is rendered ?ame-retardant by impregnation 
With a ?ame-retardant agent. 

3. A ?lter apparatus according to claim 2, Wherein the 
?ame-retardant impregnation is applied solely to the ?eece 
pre?lter. 

4. A ?lter apparatus according to claim 1, Wherein the 
?eece pre?lter is comprised of a synthetic ?ber material. 

5. A ?lter apparatus according to claim 4, Wherein said 
synthetic ?ber material is comprised of a polymer material 
selected from the group consisting of oxidiZed polyacryloni 
trile, polyester, polyethylene, polypropylene, polycarbonate, 
polyamide, acrylonitrile-butadiene-styrene copolymer, and 
polystyrene. 

6. A ?lter apparatus according to claim 1, Wherein said 
?eece pre?lter has a Weight per unit area of betWeen 50 
g/m.sup.2 and 500 g/m.sup.2. 

7. A ?lter apparatus according to claim 6, Wherein said 
?eece pre?lter has a Weight per unit area of betWeen 100 
g/m.sup.2 and 200 g/m.sup.2. 

8. A ?lter apparatus according to claim 1, Wherein ?eece 
pre?lter is comprised ?bers Which are infusible and non 
?ammable. 

9. A ?lter apparatus according to claim 8, Wherein the 
?eece pre?lter comprises betWeen 5% and 100% by Weight of 
said ?bers Which are infusible and non-?ammable. 

10. A ?lter apparatus according to claim 9, Wherein the 
?eece pre?lter comprises betWeen 25% and 50% by Weight of 
said ?bers Which are infusible and non-?ammable. 

11. The ?lter apparatus according to claim 8, Wherein said 
non-?ammable ?bers include oxidiZed polyacrylonitirile 
?bers. 

12. A ?lter apparatus according to claim 1, Wherein the 
?eece pre?lter is secured to the main ?lter element. 

13. A ?lter apparatus according to claim 12, Wherein the 
?eece pre?lter is adhesively bonded to the main ?lter element. 

14. A ?lter apparatus according to claim 1, Wherein the 
main ?lter element is constructed as a pleated paper ?lter. 

15. A ?lter apparatus according to claim 14, Wherein the 
mail ?lter element is constructed as a as folded ?lter belloWs. 

* * * * * 
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